Abstract: This study aims at identifying the parameters that govern the environmental costs in oil and gas projects. An initial conceptual model was proposed. Next, the costs of environmental management work packages were estimated, separately and were applied in project control tools (WBS/CBS). Then, an environmental parametric cost model was designed to determine the environmental costs and relevant weighting factors. The suggested model can be considered as an innovative approach to designate the environmental indicators in oil and gas projects. The validity of variables was investigated based on Delphi method. The results indicated that the project environmental management's weighting factor is 0.87% of total project's weighting factor.
Introduction
Today, the growth and development of industry is inevitable and it is impossible and unreasonable to avoid it. However, the adverse effects of the environmental aspects of human activities can be eliminated or reduced by adhering to the principles of sustainable development. Almost all projects are planned and implemented in a social, economic and environmental context and have positive and negative effects. Organizations are increasingly accountable for the unwanted consequences of their projects, as well as for their impacts on the people, the economy and the environment, even after their projects have been completed [1] . Therefore, it is believed that sustainable industrial development requires serious attention to environmental management in operations. In proper execution of oil and gas engineering, procurement and construction (EPC) contracts, paying attention to ISO 14001 standards and International Association of Oil and Gas Producers (IOGP) guidelines is fundamental and the contractors ought to follow the contract clauses through Health, Safety and Environmental (HSE) Plan. The IOGP recommended oil and gas companies/contractors fulfil HSE-MS requirements in a contract environment [2] . Management of HSE in a business environment where a client and one or more contractors work together requires co-operation between all parties and a clear definition of the tasks and responsibilities of each of the parties during different phases of project. Therefore, supplying the financial resources of a contract along with forecasting the final costs, improves decision-making, budget designation, time schedule, related activities and responsible authority. On this basis, the clauses, which have directly financial effects on project, are of high importance. Although, there is a specific payment system for the contractor's technical and engineering affairs, unfortunately, no specific financial payment process is reported for environmental parameters of contract. It is obvious that the legal requirements and economic incentives shall be considered in contracts to improve the environmental conditions. Since the clients monitor the environmental cost management and output of oil and gas produced in Nigeria. Olalekan and Jumoke (2017) declared that Environmental Management Accounting (EMA) deals with the management of environmental costs that directly affect organizational financial performance, which are referred to as private or internal costs [30] . In most studies in the field of extractive industry, EMA is used to manage environmental costs [32, 33] .
In conclusion, no research has reported environmental parameters costs in the execution of oil and gas EPC contracts. In some cases, environmental parameters have been presented based on compliance with environmental management standard (ISO 14001). Even in such cases, the presented parameters are not complete. Whereas environmental control and monitoring is mostly done through environmental performance assessment, none of the studies has pointed out to the contractual monitoring by client. Despite applying various methods to identify and budget the environmental costs, the contractual payment mechanism is not clear yet.
Therefore, in an innovative approach, this study aims to identify the effective environmental management parameters and present a proper environmental budgeting in oil and gas EPC contracts.
It should be noted that, PMI (2013) has defined the project as "a temporary endeavor undertaken to create a unique product or service" [34] . Therefore, this research is not included the external costs due to project time limitation, specific and short time implementation and lack of exploitation phase in project. Obviously, the external cost is measurable in organizations or contracts, which include production phase. In addition, there are certain factors (such as number of contractors; different executive phases; time duration of project implementation; and existence of various types of operations in the construction, installation and commissioning/operation projects) that pose serious problems to the external costs estimation. In conclusion, it is recommended estimate the externality for future work.
Materials and Methods
The methodology in this study is demonstrated in Figure 1 . On phase one, several oil and gas EPC contracts were reviewed to identify the contractual position of the environmental management standards, rules and regulations, parameters and related costs. In the next step, the clients'/contractors' environmental responsibilities were specified in a contract environment based on IOGP documents. Next, the project management standards have been reviewed to identify the projects' execution phases. Oil and gas projects mostly have a construction nature. Therefore, the Morris Life Cycle [34] has been used to identify the project's executive phases.
Sustainability 2017, 9, 195 3 of 13 between the parameters that influence environmental cost management and output of oil and gas produced in Nigeria. Olalekan and Jumoke (2017) declared that Environmental Management Accounting (EMA) deals with the management of environmental costs that directly affect organizational financial performance, which are referred to as private or internal costs [30] . In most studies in the field of extractive industry, EMA is used to manage environmental costs [32, 33] .
The methodology in this study is demonstrated in Figure 1 . On phase one, several oil and gas EPC contracts were reviewed to identify the contractual position of the environmental management standards, rules and regulations, parameters and related costs. In the next step, the clients'/contractors' environmental responsibilities were specified in a contract environment based on IOGP documents. Next, the project management standards have been reviewed to identify the projects' execution phases. Oil and gas projects mostly have a construction nature. Therefore, the Morris Life Cycle [34] has been used to identify the project's executive phases. In phase two, as first step, the model parameters (environmental management's work packages) were defined for each executional phase and validated using the Delphi technique. The expert interview and checklist method was applied to validate the parameters. Using this information, a conceptual model was designed and accordingly an environmental parametric cost model was proposed. A case study was conducted as phase three on the Sirri Gas Gathering and NGL Recovery project located in the south of Iran. In phase four, weighting factors (WFs) of EPC contract's environmental parameters were calculated. In phase five, all calculations were updated up to 2015. At the end, a user-friendly environmental parametric cost model for EPC contracts was presented.
The cost estimation methods used in designed model were based on PMI standard [34] described as follows:
•
The bottom-up cost estimation method was used to calculate the cost of each environmental management parameter (work package), separately; • The group decision making technique (Delphi technique) was used to validate the identified environmental management parameters (work packages); and •
The parametric modelling was used to design the environmental parametric cost model.
Results and Discussion
The results of review and data gathering show that international and national standards and regulations are addressed in all oil and gas EPC contracts' clauses. Experiences indicate that the contractors interest in those contracts' clauses, which have direct financial effects on project execution. While, the key factors of a contract are the project technical information, predicted cost and time management; the invoices submitted by contractors only include the technical items and the position of environmental indicators is disregarded. It can result in contractors ignoring the proper implementation of environmental management and referring its execution to unskilled employees.
On the other hand, the WBS and CBS framework of EPC contracts and the case study project were reviewed to find the best position for the environmental management work packages in various project phases. The case study project's WBS and CBS data are used for cost management. Whereas, the general environmental legal requirements have been mentioned in oil and gas EPC contracts, there is not any specific clause for environmental management and also neither in related WBS and CBS. Furthermore, it was essential to review the WBS and CBS of other oil and gas EPC project contracts to determine the similarity degree of the contract type and the project control method applied. Results proved that all WBS and CBS structures are the same in the contractual framework and all environmental parameters shall be analyzed in following three sections: (1) Engineering and Management, (2) Procurement and (3) Construction, Commissioning, Start-up and Hand over.
Model Parameters Definition and Validation
In this study, two types of variables as independent and dependent ones were separately investigated. Accordingly, the project's total budget as independent variable and the environmental parameters, which have financial weight, as dependent variables were considered. To identify and validate research variables (environmental management parameters), field studies and interviews were conducted with 20 numbers of HSE managers, experts and specialists. Then, the HSE terms of EPC contracts were investigated. The Delphi technique was used to finalize the opinions of the environmental experts involved in the case study project including clients, contractors and sub-contractors' employees. Ultimately, the environmental management parameters were identified and finalized in terms of activity types (permanent or temporary), project execution phases and type of costs (fixed or variable costs) as shown in Table 1 . 
Designing the Conceptual Model
The method applied to design the environmental parametric cost model was based on Figure 2 . As indicated in the conceptual model, it is necessary to consider the environmental management costs in all project phases, separately.
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The method applied to design the environmental parametric cost model was based on Figure 2 . As indicated in the conceptual model, it is necessary to consider the environmental management costs in all project phases, separately. 
Designing the Environmental Parametric Cost Model
The EPC projects total cost estimation basis is expressed in Equation (1) . The abbreviations presented in mathematical equations are described in Table A1 of the Appendix A.
PTC = EMC + PC + CPCSHC
(1)
The method used for calculation of the environmental management cost of each project phase (as an independent parameter) was based on parametric modelling method as presented in Equation (2) .
To calculate the cost of each work package (parameter), the annual inflation rate compared to the project start year is required to be calculated separately during each project executional year. The cost calculation method for each work package is according to Equation (3).
where EPC: total cost of each environmental parameter during project executional years; y1: first year of the project; yn: last year of the project; nP: required number of related parameters; C: the cost of each parameter; Cy1: the cost of the first year; and IR: annual inflation rate. Considering the environmental management cost, the parametric model for cost estimation of EPC project different phases was presented in Equations (4) 
Designing the Environmental Parametric Cost Model
The EPC projects total cost estimation basis is expressed in Equation (1). The abbreviations presented in mathematical equations are described in Table A1 of the Appendix A.
where EP C : total cost of each environmental parameter during project executional years; y1: first year of the project; yn: last year of the project; nP: required number of related parameters; C: the cost of each parameter; C y1 : the cost of the first year; and IR: annual inflation rate. Considering the environmental management cost, the parametric model for cost estimation of EPC project different phases was presented in Equations (4) Finally, the total environmental management cost of EPC projects was calculated based on Equation (7) as the basis of the designed conceptual model. Note that applied independent parameters in the environmental cost calculation of each projects' phases were used as a dependent parameter in the final estimation model and were presented in Equation (7).
PT EMSC = EM EMSC + P EMSC + CPCSH EMSC (7)
Verification of the Designed Model by Case Study
To verify the designed model, the case study's data was used. The costs of environmental management's work packages were calculated for various project phases by using Equation (3) and the market-based price, taking into consideration the annual inflation rate (Table 1 ). According to Table 1 , construction phase dedicated as the most important environmental management cost of project.
The total environmental management cost for each execution phase of the Sirri NGL project is presented in Figure 3a . It can be seen that the maximum cost of environmental management (49%) is allocated to the construction phase. Figure 3b indicates that the environmental management cost in construction, pre-commissioning, commissioning, start up and hand over phases involve the most number of work packages in project cost (81%). The portion of management and engineering and procurement phases is not comparable to that of construction, pre-commissioning, commissioning, start-up and hand over phases and it is nearly four times smaller. Therefore, it is necessary to emphasize control of the applied costs by contractors from construction phase to the end of the project. Finally, the total environmental management cost of EPC projects was calculated based on Equation (7) as the basis of the designed conceptual model. Note that applied independent parameters in the environmental cost calculation of each projects' phases were used as a dependent parameter in the final estimation model and were presented in Equation (7). PTEMSC = EMEMSC + PEMSC + CPCSHEMSC (7)
The total environmental management cost for each execution phase of the Sirri NGL project is presented in Figure 3a . It can be seen that the maximum cost of environmental management (49%) is allocated to the construction phase. Figure 3b indicates that the environmental management cost in construction, pre-commissioning, commissioning, start up and hand over phases involve the most number of work packages in project cost (81%). The portion of management and engineering and procurement phases is not comparable to that of construction, pre-commissioning, commissioning, start-up and hand over phases and it is nearly four times smaller. Therefore, it is necessary to emphasize control of the applied costs by contractors from construction phase to the end of the project. Comparison of project environmental management costs in different project phases (Figure 4 ) shows that the maximum cost is related to industrial waste management, wastewater treatment package, the project environmental team and purchasing safety shoes. Other costs are almost at the same level.
The case study project's total cost (PTC) based on project's CBS is 458,302,940 USD using Equation (1). The total EMS costs for project (PEMSC) is estimated as 4,016,951.457 USD by using Equation (2) and Table 1 . It shall be noted that the cost of each EMS parameter in Table 1 is calculated using Equation (3). Moreover, the mathematical model for cost estimation of various phases in EPC projects is based on Equations (4)- (6) . The criterion selected for cost estimation of each separate phase is based on the CBS adopted in the case study, which does not include the EMS criteria. The cost of the EMS work packages of each project phase should be considered in the project control system (WBS and CBS). Applying the EMS costs of each project phase, separately, the total EMS cost of NGL projects is calculated according to Equation (7) Comparison of project environmental management costs in different project phases (Figure 4) shows that the maximum cost is related to industrial waste management, wastewater treatment package, the project environmental team and purchasing safety shoes. Other costs are almost at the same level.
The case study project's total cost (PTC) based on project's CBS is 458,302,940 USD using Equation (1). The total EMS costs for project (PEMS C ) is estimated as 4,016,951.457 USD by using Equation (2) and Table 1 . It shall be noted that the cost of each EMS parameter in Table 1 is calculated using Equation (3). Moreover, the mathematical model for cost estimation of various phases in EPC projects is based on Equations (4)- (6) . The criterion selected for cost estimation of each separate phase is based on the CBS adopted in the case study, which does not include the EMS criteria. The cost of the EMS work packages of each project phase should be considered in the project control system (WBS and CBS). Applying the EMS costs of each project phase, separately, the total EMS cost of NGL projects is calculated according to Equation (7) and Table 1 . 
Calculation of the EPC Contract Environmental Management Weighting Factors
The weighting factors (WF) for each environmental parameter were calculated considering the project total cost and the environmental management costs. The WF for the whole project is presented in Equation (8) .
PTWF = (WF%)Tech. + (WF%)EMS (8)
Concerning Equation (7), the user-friendly parametric model for environmental management of EPC contracts is presented as Equation (9) .
EMSC = [(EMS WF%)EM × PTC] + [(EMS WF%)P × PTC] + [(EMS WF%)CPCSH × PTC]
(9) Table 2 shows the calculated environmental management WFs for case study project. Through this calculation method, the WF of each environmental work package can be easily determined and put into the project CBS. Regarding to the designed environmental parametric cost model presented in Equation (8) and the value of environmental management, the total cost of case study project is calculated as following: PTWF = (99.123515986%)Tech. + (0.876484014%)EMS = 100%
The WF percentages for both different project phases and the defined environmental management are illustrated in Table 2 and Figure 5 .
According to Figure 5a , although the procurement, supply and transportation phase shows the maximum WF% of 61% but its value in implementation of project environmental management is 16%. On the other hand, the total project execution in construction, commissioning, start-up and 
Calculation of the EPC Contract Environmental Management Weighting Factors
The weighting factors (WF) for each environmental parameter were calculated considering the project total cost and the environmental management costs. The WF for the whole project is presented in Equation (8) . PTWF = (WF%) Tech. + (WF%) EMS (8) Concerning Equation (7), the user-friendly parametric model for environmental management of EPC contracts is presented as Equation (9) . Table 2 shows the calculated environmental management WFs for case study project. Through this calculation method, the WF of each environmental work package can be easily determined and put into the project CBS. Regarding to the designed environmental parametric cost model presented in Equation (8) and the value of environmental management, the total cost of case study project is calculated as following: PTWF = (99.123515986%) Tech. + (0.876484014%) EMS = 100%
The WF percentages for both different project phases and the defined environmental management are illustrated in Table 2 and Figure 5 . In order to check the validation of the designed model and examine the trend of changes, it was essential to update all calculations for the case study project and recalculate the total project costs from 2011 to 2015. For this purpose, the annual guideline for the identification of work factors price list in oil and gas industry from 2007 to 2015 was used [35] . This guideline shows that the project price list was determined based on the annual inflation rate. Therefore, the related calculations were updated considering the annual inflation rate released by the Central Bank of Iran [36] . The updated WF% for both different project phases and the defined environmental management indicates the stability of the applied coefficients in the designed model. Hence, the proposed parametric model can be used in other construction projects, as well. It should be noted that the model sensitivity might change depending on the type and required number of work packages over various time durations. In other words, it is possible that some work packages and related financial values would not be included in some contracts, depending on the nature of their activities.
Conclusions
In this study, a total of 30 environmental management work packages were identified and the related costs were separately calculated during the executional phases of oil and gas EPC projects. Through designing a parametric model, the WFs for environmental management parameters were calculated in comparison with the total project WFs. The estimated total environmental management costs indicate that the construction, commissioning, start-up and hand over phase includes a maximum value of 81% in comparison with the engineering and management and procurement, supply and transportation phases with a total of 19%, while its environmental management WF is equal to 0.70% of the total project's WF. Therefore, it is necessary for project executive managers to place emphasis on the control of contractors' invoices during this phase.
Whereas the project's progress monitoring is based on WBS and CBS, the designed model can incorporate environmental management work packages' costs into the contracts. This model does not only control the environmental performance in the prequalification stage but also controls the project progress by merging environmental management work packages into the project WBS and CBS and approving the submitted invoices. Considering the necessity of environmental costs estimation during project phases, the presented model can identify those costs in the contract environment. Moreover, by presenting environmental management work packages, it specifies the WFs for the implementation of environmental management in comparison with the total project WF. Refer to the oil and gas contracts, the environmental budget has not been identified in CBS and the According to Figure 5a , although the procurement, supply and transportation phase shows the maximum WF% of 61% but its value in implementation of project environmental management is 16%. On the other hand, the total project execution in construction, commissioning, start-up and hand over phase with the total WF of 34% has a higher importance than the total project execution in other phases. This phase, also, shows a WF of 81% for project environmental management and related work packages. Indeed, the high executional workload, establishment of environmental infrastructures, necessity for establishing a proper and efficient system, conducting training courses and environmental control are main factors in this phase. It is while the engineering and management phase with the WF of 5% (minimum financial value) in project and 3% in environmental management has less financial importance, respectively.
In order to check the validation of the designed model and examine the trend of changes, it was essential to update all calculations for the case study project and recalculate the total project costs from 2011 to 2015. For this purpose, the annual guideline for the identification of work factors price list in oil and gas industry from 2007 to 2015 was used [35] . This guideline shows that the project price list was determined based on the annual inflation rate. Therefore, the related calculations were updated considering the annual inflation rate released by the Central Bank of Iran [36] . The updated WF% for both different project phases and the defined environmental management indicates the stability of the applied coefficients in the designed model. Hence, the proposed parametric model can be used in other construction projects, as well. It should be noted that the model sensitivity might change depending on the type and required number of work packages over various time durations. In other words, it is possible that some work packages and related financial values would not be included in some contracts, depending on the nature of their activities.
Whereas the project's progress monitoring is based on WBS and CBS, the designed model can incorporate environmental management work packages' costs into the contracts. This model does not only control the environmental performance in the prequalification stage but also controls the project progress by merging environmental management work packages into the project WBS and CBS and approving the submitted invoices. Considering the necessity of environmental costs estimation during project phases, the presented model can identify those costs in the contract environment. Moreover, by presenting environmental management work packages, it specifies the WFs for the implementation of environmental management in comparison with the total project WF. Refer to the oil and gas contracts, the environmental budget has not been identified in CBS and the work packages have not been defined. The findings show that the allocated environmental budget in oil and gas micro and mega contracts has not been clearly defined and related costs are paid depending on the contractors' willingness.
A review of different contracts specified that the contractors' environmental performance depend on allocated budget and the predicted required resources. Thus, no appropriate implementation by the contractors is performed. Furthermore, headline of environmental management budget shall be defined in WBS and CBS. Otherwise, contractors cannot improve their environmental performance without proper investment in this section. In fact, the environmental legal requirements have been identified in EPC projects, while, the payment conditions of invoices have not been specified. This indicates a serious management conflict.
While the environmental management work packages are not systematically defined in contracts, the execution of this section depends on contractors' culture. As a separate and transparent budget is not allocated, the environmental management cannot be implemented properly. Lack of environmental cost estimation causes incorrect and unmanaged implementation of environmental management in oil and gas mega contracts and results in irreparable losses on human health, equipment and the environment.
In this research, it is only considered the executional environmental management costs, which can affect the total cost of oil and gas projects. To improve the environmental cost management in oil and gas industries it is recommended to divide the project environmental costs in external and internal costs.
1.
Internal costs of projects included:
• Environmental Pollution Prevention Costs: The costs of activities to prevent the production of pollutants including pollution control equipment, designing processes, designing products and carrying out environmental studies.
• Environmental Detection Costs:
The costs of compliance with appropriate environmental standards.
• Environmental Internal Costs: The costs of remedial actions to eliminate and manage the wastes produced including the costs for operating pollution control equipment, licensing facilities for producing pollutants and costs resulting from recycling scrap.
2.
External costs of projects included environmental degradation costs and human impact costs.
Appendix A
The list of Abbreviations, which were used in equations, is as Table A1 . 
